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Presenter�
Presentation Notes�

The WaterCAMPWS is the Center of Advanced Materials for the Purification of Water with Systems, a National Science Foundation (NSF) Science and Technology Center that was awarded late 2002, with an annual budget of $4 million a year from NSF and $400 thousand from Illinois.  The goals of the WaterCAMPWS are to DEVELOP REVOLUTIONARY NEW MATERIALS & SYSTEMS FOR WATER PURIFICATION, and to build the knowledge capacity in water purification, educating students and the public-at-large in issues related to cleaning water for human use.  The WaterCAMPWS consists of 10 universities over the United States, with the University of Illinois as the lead, with 7 government partners, 14 industrial affiliates, ~183 students, ~41 faculty.  
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Value of WaterValue of Water
Low Cost: Cheapest, highest quality product 
produced
Impact Huge: Energy, agriculture, livestock, 
industry, homes, health, and national security.
Affects EVERY Aspect of Economy: More water, 
higher quality, lower cost, more wealth
Traditional Concerns: Safety and health

HARD TO OVERESTIMATE IMPORTANCE, 
BUT TAKEN FOR GRANTED BY MANY IN THE 

INDUSTRIAL WORLD: THIS WILL CHANGE, 
EVERYONE EVERYWHERE WILL BE AFFECTED 

IF WE FAIL TO PROVIDE CLEAN WATER.
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Future of Water AvailabilityFuture of Water Availability
Combination of population growth, consumption Combination of population growth, consumption 
growth, andgrowth, and clean water declinesclean water declines creating crisis.creating crisis.

World Map showing water consumption worldWorld Map showing water consumption world--wide as wide as 
percentage of total available water.percentage of total available water.

World Map showing affect of population and climate World Map showing affect of population and climate 
change on water stress.change on water stress.

Consumption, withdrawal, and discharge: As population growthConsumption, withdrawal, and discharge: As population growth 
pushes consumption higher,pushes consumption higher, water supplies will become more water supplies will become more 
stressed, and withdrawals and discharges will affect life of rivstressed, and withdrawals and discharges will affect life of rivers ers 
and lakes, and overall environment ever more so.and lakes, and overall environment ever more so.

Presenter�
Presentation Notes�
The world can join together to provide innovative solutions to the problems of supplying drinking water and sanitation.  Continuing on the current path will not solve the problems, and they will only get worse.  But by rapidly employing proven and new technologies, conducting major education programs, and enlisting the private and public sectors, we can provide solutions.
�
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Freshwater Stress and Scarcity 
Projections in World by 2025 

Freshwater Stress and Scarcity 
Projections in World by 2025

Average SectorAverage Sector Use: Domestic 10%Use: Domestic 10% Industry  20% Agriculture 70%Industry  20% Agriculture 70%

Sources: WRI (2000)Sources: WRI (2000)

~20% from irrigation and ~20% from irrigation and 
livestock can be reclaimed.livestock can be reclaimed.

~80% of industrial & domestic ~80% of industrial & domestic 
use can be reclaimed.use can be reclaimed.

Presenter�
Presentation Notes�
The amount of waters available for human use in Africa is expected to decrease in many areas of Africa, in particular the north, east, and south.  Many areas that now experience periodic stress to the supply for all uses (domestic, industrial, and agriculture) will experience water scarcity, where there will not be enough water in total to meet the needs of the people.  This freshwater scarcity and stress will make water treatment even more important, as there will be much less CLEAN freshwater available.  The lack of clean freshwater is already a crisis in many areas of  Africa (and world).  

A key objective is to seek non-traditional sources of water, such as reclaimed and reused waters, so that more water can be treated to provide clean fresh water. Sources of reclaimed water can be from domestic use, industrial, and agricultural (including livestock).  Properly treated reclaimed waters can extend the supply available by a factor of 4 or more (greater than 400%), making it a potentially valuable resource. Note that although a much higher percent of water from industrial and domestic uses can potentially be reclaimed or reused (~80%) , with proper water treatment, than agricultural waters (~20%), in many areas (in particular rural) the amount of water used by agriculture and livestock is much larger.  Thus, reclaiming agricultural runoff can be a great source of water, if properly treated.  Domestic, industrial, and agricultural waters have different types of contaminants.  Thus, treatment methods are different from each.

How much water can be supplied by reclamation depends on how much water is consumed (via evaporation) and how much is discharged from the total amount withdrawn from a watershed. Population growth pushes consumption higher, stressing water supplies more, affecting life of rivers and lakes, and overall environment.  Hence efforts need to be made to reduce consumption via conservation.  Conservation of water acts the same as doubling the water supplies, if water is reclaimed and reused.�
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Light blue: Standard aquifers
Dark blue: Rivers and lakes
Green: Aluvial and glacial aquifers
Red: Stressed aquifers
Yellow: Impacted aquifers

U.S. Department of the Interior
http://www.nationalatlas.gov
WaterCAMPWS
http://www.watercampws.org

water supplies are water supplies are 
interconnectedinterconnected

Lakes, Rivers, Aquifers (Standard and Glacial) 
→ Watersheds 

Lakes, Rivers, Aquifers (Standard and Glacial) 
→ Watersheds

Presenter�
Presentation Notes�
The world can join together to provide innovative solutions to the problems of supplying drinking water and sanitation.  Continuing on the current path will not solve the problems, and they will only get worse.  But by rapidly employing proven and new technologies, conducting major education programs, and enlisting the private and public sectors, we can provide solutions.
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EPA Critical Drinking Water Contaminants and 
Salts in Surface and Groundwaters 

EPA Critical Drinking Water Contaminants and 
Salts in Surface and Groundwaters

Micrograms per Liter
0.001 - 0.010
0.010 - 0.020
0.020 - 0.080
0.080 - 200+

Brown: Excess salting

Contaminants Contaminants 
impacting water impacting water 

suppliessupplies

salting from salting from 
pumping and surface pumping and surface 
runoffrunoff

Water Treatment:Water Treatment:
Repeated treatments Repeated treatments 
increases salting and increases salting and 
purification costspurification costs

Presenter�
Presentation Notes�
The world can join together to provide innovative solutions to the problems of supplying drinking water and sanitation.  Continuing on the current path will not solve the problems, and they will only get worse.  But by rapidly employing proven and new technologies, conducting major education programs, and enlisting the private and public sectors, we can provide solutions.
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Population 2000Population 2000

Population Data form US Census Bureau
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Population 2030Population 2030

Population Data form US Census Bureau
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Water Use Growth With PopulationWater Use Growth With Population
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Population Data form US Census Bureau
The Blueprint 2030 forecast share of the revised United States population growth forecast from 2000 to 2030 was 1.14%

Growth rate in withdrawals assumed 
to be ~60% of population growth 
after 15% elasticity, but it 
“compounds” with time.  
Consumption likely proportional 
to population growth.

% 
growth

Presenter�
Presentation Notes�
The world can join together to provide innovative solutions to the problems of supplying drinking water and sanitation.  Continuing on the current path will not solve the problems, and they will only get worse.  But by rapidly employing proven and new technologies, conducting major education programs, and enlisting the private and public sectors, we can provide solutions.
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Population data and projections from U.S. Census Bureau 
http://www.census.gov/population/www/projections/stproj.html 
http://www.census.gov/popest/datasets.html

Water Use Data from USGS (http://web1.er.usgs.gov/NAWQAMapTheme/index.jsp)
Projections for water use based on Texas Water Use 60 yr projections 
(http://www.twdb.state.tx.us/publications/reports/State_Water_Plan/2007/2007StateWa 
t Pl /2007St t W t Pl ht )

% Increase 
0-25 
25-50 
51-100      
101-300 
301-1000

2030 Projected % Increase (since 2000)2030 Projected % Increase (since 2000)
Averages donAverages don’’t tell the real story: t tell the real story: 
Growth problems will be local.   Growth problems will be local.   

Presenter�
Presentation Notes�
The world can join together to provide innovative solutions to the problems of supplying drinking water and sanitation.  Continuing on the current path will not solve the problems, and they will only get worse.  But by rapidly employing proven and new technologies, conducting major education programs, and enlisting the private and public sectors, we can provide solutions.
�

http://www.census.gov/population/www/projections/stproj.html
http://www.census.gov/popest/datasets.html
http://web1.er.usgs.gov/NAWQAMapTheme/index.jsp
http://www.twdb.state.tx.us/publications/reports/State_Water_Plan/2007/2007StateWaterPlan/2007StateWaterPlan.htm
http://www.twdb.state.tx.us/publications/reports/State_Water_Plan/2007/2007StateWaterPlan/2007StateWaterPlan.htm
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Trends Making Problems Worse Trends Making Problems Worse 
Population Growth (>1% per year ) and Shifts: Changes and Population Growth (>1% per year ) and Shifts: Changes and 
increases demand in water, food, and energyincreases demand in water, food, and energy
Growth of Deserts: More land with scarce waterGrowth of Deserts: More land with scarce water
Overpumping Overpumping of Ground Water Aquifers: Unsustainableof Ground Water Aquifers: Unsustainable
Transfer of Population To Urban Areas: CanTransfer of Population To Urban Areas: Can’’t keep upt keep up
Energy, Food, and Water: Cannot generate more energy and food Energy, Food, and Water: Cannot generate more energy and food 
without sufficientwithout sufficient water.  Cannot getwater.  Cannot get a lot more water without energya lot more water without energy
Contamination of Source Waters: CrossContamination of Source Waters: Cross--contamination of surface contamination of surface 
and aquifers is growing, reducing dilution solutions and aquifers is growing, reducing dilution solutions –– more more 
treatment is neededtreatment is needed
Snowpack Snowpack Storage and Glacial Melting: Major river systemsStorage and Glacial Melting: Major river systems with with 
shortages during dry months (shortages during dry months (BrahmaputraBrahmaputra, Ganges, Yellow, , Ganges, Yellow, 
Mekong Rivers, Blue Nile, Mt. Kilimanjaro, Andes, Colorado, Rio Mekong Rivers, Blue Nile, Mt. Kilimanjaro, Andes, Colorado, Rio 
Grande, Lake Mead, Grande, Lake Mead, ……))

BUT THERE IS HOPE!BUT THERE IS HOPE!

Presenter�
Presentation Notes�
Change in demographics is driving major changes in water needs.  High birth rates coupled with high death rates and migration from rural to urban areas is shifting populations of people.  Water demands are shifting, changing the amount available to people in specific areas.

At same time, climate change is causing growth in deserts, taking out productive land for supplying food and water.  More people need to live on less productive land and water.

Pumping out ground water to make up for loss of surface water is not sustainable.  

More migration from rural areas without food and water to cities makes supplying water to the outskirts of urban areas more pressing and difficult.

Large amounts of energy is needed to move water from one region to another to supply water to cities, and to purify water with conventional treatment.  With rising energy prices, getting that energy is going to be difficult.  Without water for processing fuels and cooling water for generation, energy cannot be supplied either.  

Food production closely tied to water availability.  Less water prevents adequate food supply and contaminated water makes food preparation dangerous.

More contamination of water makes less clean water available.  Contamination is increasing with greater industrialization.�
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Why WaterWhy Water Technology Technology 
Advancement is NeededAdvancement is Needed

Federally funded research from 1950Federally funded research from 1950’’s and 60s and 60’’s brought s brought 
about membrane water treatment systems that have about membrane water treatment systems that have 
transformed new water treatment systems worldwide.transformed new water treatment systems worldwide.

New technologies are now being developed that can create New technologies are now being developed that can create 
a new transformation to thea new transformation to the total water infrastructure.total water infrastructure.

However, bulk of water innovation is now overseas, with a However, bulk of water innovation is now overseas, with a 
reverse brain drain underway. Researchers trained in the reverse brain drain underway. Researchers trained in the 
U.S. are going overseas to conduct R&D and to implement U.S. are going overseas to conduct R&D and to implement 
new technologies.  Innovation thrust is innew technologies.  Innovation thrust is in Asia, Europe, and Asia, Europe, and 
the the MideastMideast.  Offering huge salaries to U.S. researchers..  Offering huge salaries to U.S. researchers.

The United States can regain the innovation and competitive The United States can regain the innovation and competitive 
lead: We still have the best scientists, engineers, lead: We still have the best scientists, engineers, 
universities, and labs in the world.universities, and labs in the world.

Presenter�
Presentation Notes�
The world can join together to provide innovative solutions to the problems of supplying drinking water and sanitation.  Continuing on the current path will not solve the problems, and they will only get worse.  But by rapidly employing proven and new technologies, conducting major education programs, and enlisting the private and public sectors, we can provide solutions.
�
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Vision for Future of Water Purification Vision for Future of Water Purification 
Move away from homogeneousMove away from homogeneous chemical mixerchemical mixer systems to systems to 
heterogeneousheterogeneous chemistry systems: catalysts, separators, chemistry systems: catalysts, separators, 
absorbers,absorbers, membranes (passive and active), membranes (passive and active), 
biochemical,biochemical,……
Move away from chemical oxidants and Move away from chemical oxidants and reductants reductants to selfto self--
generated chemicals: Recovery of chemicals from generated chemicals: Recovery of chemicals from 
wastewater wastewater –– nutrients, ammonia, methane,nutrients, ammonia, methane,……
Move to zero discharge of waste & residuals.  100% reuseMove to zero discharge of waste & residuals.  100% reuse
Less exogenous energy: More use of sunlight and energy Less exogenous energy: More use of sunlight and energy 
from wastewaterfrom wastewater……quantum confinement.quantum confinement.
Develop bioDevelop bio--inspired processes for detection of inspired processes for detection of 

contaminants and pathogens (including viruses) in water,contaminants and pathogens (including viruses) in water,
and separation of contaminants and salts. and separation of contaminants and salts. 

Presenter�
Presentation Notes�
Hundreds of millions of people throughout the world, with large numbers in the developed world, use point-of-source, point-of-discharge, and point-of-use systems for potable water treatment and sanitation.  Traditional point-of-source, point-of-discharge, and point-of-use systems are well-water, septic sewer systems, and filtration units. Point-of-source typically require pumps to draw water up from a deep well, where pathogens are not present, or also employ filters to clean the water.  Point-of-discharge systems typically use septic tanks to biologically treat organic waste, followed by large percolation fields, where water coming out of the biological treatment tank percolates through the ground to recharge the groundwater aquifer that is supplying the well.  Similarly, latrines and pit-toilets with composting and leaching serve as a point-of-discharge. If done correctly, all these processes are safe and sustainable. 

Current methods, however, are expensive and require a fair amount of land, which  many people of developing world do not have.  Fortunately, new technologies can safely disinfect water from shallow wells (point-of-source) and can biologically clean water in a small area, without needing large amounts of land (point-of-discharge). Small enough point-of-use systems can take fresh water from virtually any source and clean and disinfect the water for direct use.  The size of these systems can range from very small (size of a breadbox) ones for a single dwelling, to larger for a group of dwellings, a village, camps, to outlying areas in cities, cleaning up water from contaminated distribution systems, cisterns, or trucked water. The number of people that can benefit from such solutions is up to 5 out of 6 people in African countries with low access to clean water and sanitation.�
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Swamps 
0.0008% 
Swamps 
0.0008%

Ground Ice 
& Permafrost 

0.022% 

Ground Ice 
& Permafrost 

0.022% 

Atmosphere 
0.001% 

Atmosphere 
0.001% 

Soil Moisture
0.001%

Soil Moisture
0.001%

Saline 
Groundwater 

0.94% 

Saline 
Groundwater 

0.94% 

Saline Lakes
0.006% 

Saline Lakes
0.006% 

Not All Currently 
Accessible 

30% shortfall in 30 yrs

Accessible
With 

Additional
Research

Biological 
0.0001% 

Biological 
0.0001% 

Where is our Water?Where is our Water?

Ice Caps,
Glaciers, &

Perm. Snow 
1.74% 

Ice Caps,
Glaciers, &

Perm. Snow 
1.74%

99.23% 
currently 
unusable 
for most 
humans 

Rivers 
0.0002% 
Rivers 

0.0002%

Groundwater 
0.76% 

Groundwater 
0.76%

Lakes 
0.007%   
Lakes 
0.007%   

Brackish water exist 
everywhere:  Untapped 
resource

Total World Water: 
332,500,000 mi3

1.36 billion cubic kilometers

Total World Water: Total World Water: 
332,500,000 mi332,500,000 mi33

1.36 billion cubic kilometers1.36 billion cubic kilometers

Cleaning up 
contaminated 
water makes more 
water accessible

Presenter�
Presentation Notes�
The key point to this slide is to show how much water there is on the earth, which is a water planet.  The problem is that only 0.7% of all the water is currently usable by humans: Fresh water in rivers, lakes, and groundwater aquifers.  With some more research, we can make salty waters more available, by desalinating seawater, brackish waters on land, and saline groundwater aquifers underlying most all continents, including Africa.

Interestingly, a lot of these brackish waters are already being pumped up during mining operations for minerals and oil.  Currently, these waters are either discharged to the land, which pollutes the fresh waters already there, making them unusable, or the water is injected deep back into the earth.  New technologies that can recover and desalinate these brackish waters can increase water supplies without additional pumping costs, and can prevent pollution of fresh waters on the land, increasing scarce water resources overall in many places in Africa. �
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There Are Many S&T OpportunitiesThere Are Many S&T Opportunities

We are far from the natural law limits 
for separating contaminants from 
water: Lots of room to improve!

Traditional methods in developed 
world are capital, energy and 
chemical intensive 

New materials and systems are being 
developed that can dramatically drop 
the cost of treating water

New communications systems can be 
used to control and prevent 
contamination and illness

Siemen’s SkyHydrant

Presenter�
Presentation Notes�
Natural laws limit what people can do to clean up water.  However, even the best ways humans have created for purifying water is still not close to those limits.  Biological systems, such as kidneys in animals, are much closer to natural law limits so we know that it can be done. By changing our mindset as to what is appropriate, we can be open to try non-traditional technologies that do not use lots of energy and chemicals, and which cost less in the long run.  New systems using membrane separators are being made which use very little energy and chemicals, such as the membrane filter installed below this village water tank shown in the picture, which cleans up the water coming out of the well, reducing diseases and contaminants coming from the shallow well.  

Sensors that detect pathogens and contaminants in the water can also be installed in the holding tank after the filter, which can warn authorities if something has gone wrong with the system, using wireless communications set up in the village, thereby ensuring a safe supply.�
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To INCREASE the Amount of Clean 
Water Available to People 

To INCREASE the Amount of Clean 
Water Available to People

There are three major goals: There are three major goals: 
Goal I.Goal I. IncreaseIncrease potable water supplies, to gain potable water supplies, to gain 
new waters from new waters from reusereuse and and desalinationdesalination from the from the 
““sea to sink to the sea again.sea to sink to the sea again.””
Goal II.Goal II. Selectively remove contaminantsSelectively remove contaminants from from 
all types of water sources, to get the all types of water sources, to get the ““drop of poison drop of poison 
out of an ocean of water.out of an ocean of water.””
Goal III.Goal III. DisinfectDisinfect water from current and water from current and 
potentially emerging pathogens potentially emerging pathogens without producing without producing 
toxic substancestoxic substances, to , to ““beat chlorination.beat chlorination.””

Presenter�
Presentation Notes�
By reusing and reclaiming water that would normally be discharged and potentially lost to a watershed, the amount of water supply can potentially be increased by up to 400%.  Desalinating waters, particularly from those coming out of industrial and mining processes where energy is already being spent to produce needed products (oil, food, minerals), new water can be supplied for human use (industrial, agriculture, and domestic) using new desalination technologies, at a relatively low-cost.  Reducing the contamination of the environment and other fresh waters can also be helped at the same time by limiting discharges.
�Decreasing contamination of waters by just removing the harmful compounds, such as heavy metals or organic toxic compounds, without having to remove all the desirable potable compounds we prefer to have in water (such as calcium), can also help to increase clean water supplies while improving people’s health.

�
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To Do So, We Need Appropriate 
Technologies: Change of Mindset 
To Do So, We Need Appropriate 
Technologies: Change of Mindset

Appropriate technologies does not mean “low-tech,” and 
“low-cost” does not mean low-quality.  Treated water in 
developed nations can be very low-cost, but is high-
quality.  High-quality water is needed to prevent illness.

Appropriate technologies use less energy & chemicals, & 
do not need highly trained workers to operate effectively. 

Newer technologies can leapfrog current practices in 
developed world to deliver appropriate solutions for 
specific problems in different regions in Africa, without 
having to first duplicate problems in industrial countries 
such as U.S.

Presenter�
Presentation Notes�
Many treatment systems use central systems, with high capital costs (billions of dollars) and huge costs for operation & maintenance.  More than a trillion dollars have been spent in U.S. over last 20 years for operation and maintenance of central systems. These types of systems are in many cases unsustainable and not appropriate for the developed or developing world.  The only reason they are still used is because of the initial investments over 50 to 100 years ago.  

Traditional systems often need large sources of intake waters, which now cost hundreds of dollars per acre/ft (1233 m3) to newly develop, which is an additional cost for new systems today.  Older systems have already paid for the development of water supplies.

They use large amounts of energy and chemicals, at high cost, and with poor environmental impact. Chemical treatment is difficult without infrastructure in place, even a relatively easily applied disinfectant such as hypochlorite (used in swimming pools in developed nations).

They require extensive distribution systems, which are the most costly part of the overall system. In addition, distribution systems fail most often in the total system.  There are over 250,000 water main breaks a year in the U.S., and there is over a 200 billion dollar backlog of maintenance on decaying distribution systems.

Current systems need highly trained workers to run them.  Appropriate systems need to be effective when managed and operated by people who are not highly trained.

New water purification technologies and methods are needed that are appropriate around the world.  Africa needs a new set of technologies that can deliver high-quality water at low-cost without duplicating the problems of the developed world.  

Appropriate sanitation needs to consider gender and religious practice (e.g. water for women)

Appropriate deployment of technology needs to consider buy-in and ownership of treatment systems (e.g. village leaders or Micro-bank loans)	�
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Using Saline WatersUsing Saline Waters

Current methods are prone to 
fouling, scaling, and/or corrosion, 
and cost a lot to operate, needing 
lots of maintenance and trained 
workers

Inland salt waters are full of hard 
salts, and disposal of brine is very 
expensive.

However, new methods are being 
developed to reduce all these 
problems, making certain saline 
source water, particularly found in 
mining, relatively inexpensive to 
recover.

FluxFlux

PermeatePermeate

Current methods to remove salt from 
water (desalinate) need large amounts of 
capital, energy, and chemicals.

Presenter�
Presentation Notes�
The main reason that saline waters are not used is that it is currently expensive to desalinate (remove the salts) from salt waters.  New methods are being developed that can find some uses in Africa, in particular in places with mining where increasing water supplies can increase mining and oil output to pay for the technologies.  In these cases, the outcome is an improved environment and extra clean fresh water for people in the area. 
�There are wind driven desalination plants being designed and built, as well as solar and humid air driven systems that can remove salt from water with low to no energy usage, do not readily foul, and do not use chemicals.  

Cost of systems can come down dramatically if more research is done in what natural materials from Africa can be used in these systems.�
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The lack of reliable electrical 
power,  fuels, and chemicals 
prevent traditional water treatment 
methods being used in many parts 
of the developing world.

Current methods destroy the 
energy and chemical content in the 
wastewater. New technologies 
extract energy and chemicals from 
wastewater, making it a resource 
rather than a harmful waste.

Issues With Current Treatment Methods

Current treatment increases total dissolved salts in water and 
carbon dioxide released to the atmosphere.  More salts require 
even more chemicals for downstream waters.  Treatment along 
with agricultural runoff, leads to salting of land with irrigated 
waters, diminishing food production.

Missouri River Water Treatment Plant

Needs highly trained workers.

Presenter�
Presentation Notes�
Common Current Low-Cost Treatment Methods in Use in Africa and Developed World

Filtering with gravel & sand: While low-cost, gravel and sand filters keep out only large particles, and they decontaminate by biological microbial action, where microbes digest organic compounds in water.  They are highly variable in performance, and often fail with changes in weather, temperature, and incoming source water.  They do not filter out salts, toxic compounds, pharmaceuticals, viruses, many pathogens, fuels, and smelly, bad tasting compounds.

Coagulants & absorbents like activated carbon & clays: Coagulants and absorbents remove small particles and undesirably substances from water.  Most flocculants use chemicals such as alum and polymers to cause particles to settle out, which are not available in many parts of the world.  Activated carbon only removes certain compounds, and is rapidly growing in cost.  Clays can color water and is very slow.

Physical separation & activated sludge processes: Large-scale screens, settling tanks, shear flow flocculation, floatation, and membrane-based separation remove unwanted matter from water, but at the cost of high capital cost and energy use.  Activated sludge processing often uses expensive air pumping for aerobic microbial decomposition, and sealed tanks for anaerobic nitrification. Residual disposal costs high.

Chemicals & oxidants: Use of chemicals such as lime, hydrochloric acid, lye, and soda ash to adjust acidity of water, reductants such as ammonia, and oxidants such as ozone, chlorine, and combined chlorine such as monochloroamines are unavailable in many parts of the world, are rapidly increasing in cost, and require highly skilled workers to apply and control.  Also, their use can lead to the creation of highly toxic disinfection byproducts.�
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Distributions systems expensive to install 
and maintain.  They are failing all over 
the world due to age and neglect.

Hard water struvite

Distribution System Issues 

Point-of-source and point-of-use treatment systems can be 
much lower cost.  Point-of-use treatment can prevent disease 
of contaminated distribution systems.

But these Point-Systems need the efficacy of large controlled 
systems, without oversight of trained personnel.  Robustness 
needed similar to the air break and chlorine.

Distribution systems can be a source of 
transmitting disease.  New pipes 
connected to an older system, 
particularly in peri-urban areas, rapidly 
degrade and cause disease.

Presenter�
Presentation Notes�
Distribution systems are made of low cost pipe, for the most part, in much of the developed and developing world.  Terra cotta (clay) pipes joined with filling, often crack and heavily leak sewage.   Tree roots intrude and can clog pipes.   Drinking water pipes made from iron rust and close off quickly in many types of source waters.  They frequently fail.  In the U.S. there are more than 250,000 water MAIN (large pipe) breaks a year, and many times that for small systems.  The failure of distribution systems is one of the critical costs that the developed world faces in infrastructure costs.  Little is being done to address how to solve the cost problem with installing and maintaining distribution systems.  Due to sanitary and drinking water distribution systems being place in trenches, there are frequent inadvertent interconnections between the systems due to leaks.  There are many times more deliberate, but usually unknowing, interconnections made within buildings and dwellings between the supply and waste systems.  As such, drinking water, even within central urban areas can have periodic contaminated waters, which is why pressures of the supply side are kept high so that leaks flow readily outward, and residual chlorine is often used to keep pathogens low in centralized systems.

Perhaps the most critical issue in distribution systems in developing world urban areas is pathogens that are harbored within biofilms in the older pipes.  The distribution system itself can become a major source of transmitting diseases, should the residual chlorine concentration drop, or the pressures within the pipes fall because of a break in the system or a power outage, which frequently occurs.  Point-of-use disinfection systems are needed to prevent diseases from being spread through the system. 
�
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NFNF--based lowbased low-- 
pressure single pressure single 
stage anaerobicstage anaerobic 
Membrane BioMembrane Bio-- 

reactorsreactorsWaste 
Water

Polishing & Polishing & 
DisinfectionDisinfection
with Lightwith Light

Can be used for PointCan be used for Point--ofof--Discharge to rechargeDischarge to recharge aquifersaquifers
Membrance Membrance BioBio--reactors can generate energy when reactors can generate energy when 
cleaning water, rather than consuming energycleaning water, rather than consuming energy
Ensures absolutely the highestEnsures absolutely the highest quality and safetyquality and safety

Recovery and Reuse of Water Creates an 
ENORMOUS RESOURCE 

Recovery and Reuse of Water Creates an 
ENORMOUS RESOURCE

Purified 
Water

Presenter�
Presentation Notes�
A delegate from India told the Organization of Economic Cooperative Development that the way in which we traditionally treat wastewater, by using powerful aerobic digestion pumping lots of air through the wastewater, followed by powerful oxidants to convert as much of the organic waste to water and carbon dioxide was “immoral.”  “We are using lots of energy and chemicals to destroy the energy and chemicals in the wastewater, while people are going without food and energy.”  While this statement is perhaps hyperbole, there is a nugget of truth.  Traditional methods do use a tremendous amount of energy and chemicals to purify the water.  New methods have appeared, based on a very old concept, to get useful products out without using energy to do so.  

Composting waste is an old concept.  Create microbial colonies that without air (anaerobic) digest the waste, producing a nitrogen rich fertilizer to help grow food.  If one can compost, they should as compost is a valuable product. A modern concept to recover the water from the wastewater while creating products is to use anaerobic membrane bio-reactors (MBR).  Microbe colonies digest the organic sludge and produce methane and ammonia, which can be extracted to use for energy and fertilizer.  To make it energy efficient, low pumping power is needed.  A special nanofiltration (NF) membrane that cannot foul from organic compounds has been created to make the MBR.  

To ensure that no pathogens or organic compounds make it through the NF membrane, the process can be followed by a polishing step using light, to be talked about later.  The final purified water can be as clean as natural deep artesian well water.
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Reverse Osmosis: State-of-the-artReverse Osmosis: State-of-the-art

For water with 34,000 For water with 34,000 ppm ppm TDS:TDS:
50% water recovery50% water recovery
min Elec. 1.77 Wmin Elec. 1.77 W��hr/literhr/liter
best Elec. 2.22 Wbest Elec. 2.22 W••hr/literhr/liter

80% water recovery80% water recovery
min Elec. 5 Wmin Elec. 5 W��hr/literhr/liter
best Elec. 8.40 Wbest Elec. 8.40 W••hr/literhr/liter

W
•h

r /
 li

te
r

Least amount of energy possibleLeast amount of energy possible

But Physical Limit is only 0.8 W•hr/liter 
for full recovery (no residual)

Reverse Osmosis Costs
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To Directly Reuse Water, We Need to Know 
How to Take Toxic Compounds Out 

ToTo Directly ReuseDirectly Reuse Water, WeWater, We Need toNeed to Know Know 
How to TakeHow to Take Toxic Compounds OutToxic Compounds Out

Small hydrocarbon molecules can Small hydrocarbon molecules can 
taste and smell bad, and cause water taste and smell bad, and cause water 
to be colored.to be colored.

Low levels of toxic compounds suchLow levels of toxic compounds such
as heavy metals (as heavy metals (As, As, PbPb, Hg, U, Cd), Hg, U, Cd), , 
pesticides, herbicides, petroleum pesticides, herbicides, petroleum 
distillates, and disinfection byproducts distillates, and disinfection byproducts 
are hard to know if they are in water, are hard to know if they are in water, 
and to remove in a high background of and to remove in a high background of 
organics and potable compounds.organics and potable compounds.

We must make absolutely sure We must make absolutely sure 
pathogens are not in the product pathogens are not in the product 
water.water.

Speciation Speciation 
Matters!Matters!

Methyl mercury Methyl mercury 
thousands ofthousands of 
times times moremore toxic toxic 
than elementalthan elemental 
mercury.mercury.

NitrosoaminesNitrosoamines: : 
CarciogenicCarciogenic

Presenter�
Presentation Notes�
Even if all larger compounds are removed from waste and other impaired waters, there may be other compounds in water that are contaminants and should be removed for healthy, high quality water.

Many contaminants find their way into water sources from mining, industrial and agricultural activities, but many are also natural (arsenic).  Many others are caused because of chemical treatment of water itself.  No matter the source, once it is present, there can be profound health consequences.  Distillates from oil and gas production and use is affecting large numbers of people through drinking water throughout the world, including Africa.

A key issue, however, is not all toxic elements are the same.  The chemical specie that the element is in matters greatly.  Hexavalent chromium, Cr(Vi), is much more toxic than other oxidation states of chrome.  Small amounts of elemental chrome are actually thought to be useful to humans, but Cr(VI) is deadly.  Similarly, while mercury is a heavy metal and never good for humans, methyl mercury is highly toxic is miniscule quantities.  Therefore, we really need to know the form (speciation) of the contaminants in water.

Unfortunately, we currently need highly trained scientists to do this type of analysis to sense or detect what is in water.
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Removing Petroleum Byproducts 
from Water 

Removing Petroleum Byproducts 
from Water

“Organic–Inorganic Hybrid Materials that Rapidly Swell in Non-Polar Liquids: 
Nanoscale Morphology and Swelling Mechanism,” Burkett, Underwood, Volzer, 
Baughman, and Edmiston, Chemical Materials 2008

New low-cost 
absorbable glass 
can remove virtually 
all petroleum 
byproducts like 
benzene, distillates, 
and oil from water. 
Can be used over 
and over again.  
Large numbers of 
people are sickened 
by these 
compounds. 

Presenter�
Presentation Notes�
New materials are being developed that can remove hard to treat compounds like petroleum distillates and by-products, which are found in huge number of waters, particularly in urban and peri-urban areas.  Affects shallow and deep water wells, as well as surface waters.
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Cleansing Water of Organics with Sunlight Cleansing Water of Organics with Sunlight 

TaTa22 OO55 –– SiOSiO22 composites  17 days of aging  with nodules 1composites  17 days of aging  with nodules 1--3 3 µµm in diameterm in diameter

10 nm 5 nm

Templated Templated porous structures and fibersporous structures and fibers

NdiegeNdiege, , ChandrasekharanChandrasekharan, and Shannon, UIUC, and Shannon, UIUC

Can use lowCan use low--cost treated silica (sand) to cost treated silica (sand) to 
remove all organic compounds from water at remove all organic compounds from water at 
high rates using free sunlight.  Can remove high rates using free sunlight.  Can remove 
carciogenscarciogens, toxic compounds, and , toxic compounds, and 
pathogens too, all without using chlorine.pathogens too, all without using chlorine.

Presenter�
Presentation Notes�
Organic compounds are often found in water that cause people to get sick, or not to drink due to the color, smell, or taste, leading to dehydration.  Powerful oxidants can be used to remove these compounds, changing them to carbon dioxide and water.  However, many pollution byproducts can result in this process that may be worse than the original compound, and it is costly.  Chlorination and the presence of halogens such as bromine and iodine in natural water sources, and in particular desalinated seawater, with ammonia can combine with natural organic matter to produce highly toxic halogenated organic and nitrogenous compounds.  We must avoid solving one problem and creating another with disinfection byproducts (DBPs).  Some of these DBPs are thousands of times more toxic than cyanide!

New materials using low-cost but highly effective materials have been developed that when sunlight shines on them while in water with organics present, the organics are oxidized to carbon dioxide and water, without producing toxic byproducts.  By their very nature, they are self-cleaning, since any organic that attaches to the surface will be oxidized and removed.  Therefore, with more research, we should be able to learn if they can be installed in point-of-source, point-of-discharge, and point-of-use systems to clean water while the sun shines in many locations throughout Africa that have problems with organic compounds, such as distillates from oil. �
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Disinfection of Hard to Treat Pathogens, Disinfection of Hard to Treat Pathogens, 
WithoutWithout Intensive ChemicalIntensive Chemical TreatmentTreatment

Cryptosporidium Cryptosporidium 
parvumparvum

Mycobacterium Mycobacterium 
aviumavium

AdenovirusesAdenoviruses

Benito Benito MariMariññasas, UIUC, UIUC

Use of materials to trap Use of materials to trap 
pathogens, including virusespathogens, including viruses
Use particles, catalysts, and Use particles, catalysts, and 
photocatalysts photocatalysts with plentiful, with plentiful, 
free light to kill pathogens in free light to kill pathogens in 
waterwater
Disinfect water WITHOUT Disinfect water WITHOUT 
using chlorine or other using chlorine or other 
powerful oxidants that can powerful oxidants that can 
themselves form toxic themselves form toxic 
compoundscompounds

Presenter�
Presentation Notes�
There are numerous types of pathogens, from large parasites that can be removed by simple sand filters, to protozoa that will make it through many of such filters to bacteria and viruses that need more sophisticated barriers to stop them, or methods to kill and inactivate them so that they cannot infect people.  While membrane barriers seem to be high-technology, due to their high effectiveness, in smaller sizes they can be a more effective, lower cost method than many traditional filters that have been in use for generations.  

Chemical oxidants such as chlorine and ozone also can be used to kill pathogens, but many are resistant.  Many of these oxidants can also produce toxic compounds when in the presence of naturally occurring matter found in water.  

One goal is to kill or inactivate pathogens with plentiful low-cost or free light, without using large amounts of powerful oxidants.  We have made highly effective photocatalytic technologies that can inactivate pathogens from hard to treat oocytes, spores, and viruses, as well as toxic organics, WITHOUT using chemicals and energy or producing toxic DBPs.  These photocatalysts oxidize the hydrocarbons on outer shell of the pathogens, in a manor similar to how they destroy hydrocarbons in water, turning them into harmless carbon dioxide and water.  Without the outer shell, the pathogens die or cannot infect people, thereby making the water safe.  If low-cost fluorescent light bulbs can be used, the water can be disinfected around the clock, with a small amount of energy needed, often much less than pumping water up a deep well.  Else, if the water can be stored to daylight, it can be disinfected with sunlight.  
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We can Change How Clean Drinking 
Water & Sanitation is Done 

We can Change How Clean Drinking We can Change How Clean Drinking 
WaterWater & Sanitation& Sanitation is Doneis Done

Prioritize S&T solutions in the world 
with joint meetings of researchers, 
practitioners, and governments at all 
levels. Conducting

Science
of Water

Purifcation

Discovering &
Creating New

Materials

Making
Appropriate
New Water
Treatment

Systems

Goal: Reduce
Chemicals,

Residuals, &
Energy

Implement testing, with formative 
and summative analysis of 
efficacy of each technology.

Put new appropriate 
technologies into practice.
Help build the science 
and technology capacity 
in the United States.
Work with universities and 
national agencies.

Presenter�
Presentation Notes�
The WaterCAMPWS has a large education program, designed to increase the knowledge of a diverse group of students and practitioners around the world.  We are also seeking to work with UNESCO to advance water treatment technologies for purifying water for human use in developing world, in particular Africa and Latin America.  We are working with the National Science Foundation to set up workshops in Africa in the coming year to identify and develop partners in advancing science and technology of water purification, with universities and government facilities in Africa.   

To achieve our goals, we need to build capacity between U.S. and African countries in the science of water treatment, discovering and creating new materials that can purify waters in new and better ways with lower cost, energy, and chemical use, and then to integrate them all into appropriate new water treatment systems.  The process is a continuous one, where implementation of treatment systems will drive both the science and discovery process, and vice versa.  

We need two-way participation between scientists and engineers in Africa and the U.S., where discoveries on both continents can inform the others.  We need to build the capacity of students and faculty in Africa to learn about the science and technologies being developed in the U.S. for water treatment, and we need to inform students and faculty in the U.S. about the advancements in treatment and the discovery of materials in Africa.  We all need to learn about what is appropriate science and technologies that can be applied to solve the pressing problems of drinking water and sanitation in Africa and the world.  We need to develop new sensors to know what contaminants are in the water, and treatment processes and materials needed to remove them.
�



Mark A. Shannon http://WaterCAMPWS.org

Questions and More InformationQuestions and More InformationQuestions and More Information

For more information, contact:

“Mark A. Shannon” 
mshannon@illinois.edu

WaterCAMPWS: 
http://WaterCAMPWS.org

mailto:mshannon@illinois.edu
http://WaterCAMPWS.org
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